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Abstract. The socio-economic conditions facing the world today, both globally and 
nationally, recovering energy from solid waste is required as a necessity. Getting heat to contribute to 
the heating and domestic hot water is beneficial not only in terms of increased living standards and the 
use of alternative energy sources, but also in terms of creating jobs in the processing waste-producing 
industries and the development of necessary technologies conversion. Also, accessing specific EU 
funds will lead to an accelerated rural development in the spirit of sustainable development concepts 
and strategy of the society. 
In this context, the paper aims to identify the main types of solid waste available in rural areas 
of Transylvania and their energy potential. It also addresses opportunities for energy recovery and the 
correlation can be done between physical and chemical characteristics and solid waste conversion 
technologies to obtain solid biofuels as a source of heat and conversion technologies used for this 
purpose. 
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INTRODUCTION 
 
Progress of mankind, from ancient times until today, is related to energy use. It is a 
fact that current economic development model based on continuous growth, entailing 
increased energy consumption. Continuing exposure logical arguments, raising the standard 
of living of a country, means more energy consumed by its inhabitants. Continuing exposure 
logical arguments, raising the standard of living of a country, means more energy consumated 
by its inhabitants. 
Chronologically to the 18th century, water, wind or biomass energy supplied should 
start the process of industrialization. A century later, these renewable energy sources (RES) 
were quickly replaced by coal, oil and gas. Today, almost 90% of primary energy consumed 
worldwide comes from fossil resources. The reduction of these reserves, as well as the 
consequences that their use has on climate and environment reiterates need for bio-energy. 
Release into the atmosphere large amounts of carbon dioxide thus exacerbating the 
greenhouse effect also is just one of many negative aspects caused by fossil fuels.  
However, by mid century, mankind has raised the question of replacing fossil fuels 
with other sources. Major programs in the use of RES started only in 1974, following the 
1973 Arab-Israeli war, when Arab states began to use oil as an instrument of political pressure 
on Western countries and issues with increased depletion of fossil energy sources. 
In this context solid organic waste (solid biomass) is one of sustainable energy sources 
both nationally and internationally, which can be used both in rural and urban area. In our 
country, the high potential of organic solid waste permit as providing necessary energy for 
rural development and implementing a national strategy for recycling them. 
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Fig. 1 Situation intake R.E.S. and overall national objectives of EU countries,  
Source: European Commission - European Environment Agency 
 
National and international context in the use of RES 
Since the 1990s, both U.E. and U. S. A. establish important measures to promote RES. 
Thus, 12% of primary energy consumption of European countries for the current year (2010), 
to be awarded RES.  
Moreover, the European Parlament in 2008 proposed European Directive on the use of 
energy produced from RES. 
According to this directive, by 2020, a 20% share of total energy consumption must be 
provided with energy produced from renewable sources. Each EU member state until 2020 
assigned "targets" of the total energy that must be provided with energy produced from 
renewable sources (for Romania, the target share is 24% in 2020, 24% of total energy 
consumption will be provided with energy produced from renewable sources). Also, each 
Member State shall adopt an "Action Plan" to achieve the target of the national and European. 
Dynamic national targets to achieve these general and Europe is outlined in Fig. 1. 
  
A significant amount of bioenergy is stored in different varieties of waste from the  
activities of rural communities. These categories of products can give them a useful use with 
final energy, coupled with the obvious environmental issues and economic needs of the 
general recovery of all waste. It is necessary to make an important statement to say that these 
wastes are part of the family of materials that constitute biomass. Therefore, biomass is 
defined as "biodegradable fraction of products, waste and residues from agriculture, including 
vegetal and animal substances, forestry and related industries, as well as the biodegradable 
fraction of industrial and municipal waste". 
 
Identification of the main sources of wastes and their energy potential 
Rural areas are a high potential of biomass. It is generated both from domestic and 
agricultural activities. Because rural areas of our country is predominantly agricultural, energy 
potential of agricultural waste from agriculture is high. Thus to determine the amount of 
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energy stored in solid biomass is generated in rural areas requires a study of the main 
categories of biomass energy avail and quantification of their potential. 
Fig. 2 lists the main categories of biomass generation and their sources, present in 
rural Transylvania. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Analyzing the main biomass generating activities in rural Transylvania is noted that 
agriculture is the main waste producing industry, followed by the home and only a low 
percentage, processing of agricultural production activities. This is mainly due to low level of 
industrialization of the countryside in our country, Intense processing of agricultural 
production being carried out mainly in urban areas. The main types of biomass-generated 
energy in rural areas and their potential, are highlighted in Tab. 1. 
 
Tab. 1 
Energy potential of solid biomass in the north-west of Transylvania 
 
The name of the 
waste 
Annual production 
[tons] 
Calorific 
value 
[MJ/kg] 
Production of 
waste per ton of 
crop 
Potential for the total harvest 
[TJ] 
Agriculture 
Wheat straw 566869 16 1,4/t 90699040000MJ=90699TJ 
Barley straw 164627 16,1 1,6/t 4240,79TJ 
Oat straw  85830 16 1,6/t 2197,24TJ 
Maize 1292848 15,5 1,8/t 36070,46TJ 
Biomass 
cleaning 
vineyards and 
orchards 
75000(estimate), 
Of totall  
255000t/country 
12 - 900TJ 
Zootechnics  
Animal manure 50850 8 - 406,8TJ 
Forestry  
Sawdust  280000 9 - 25207TJ 
Domestic waste 1000 7 - 7TJ 
TOTAL ESTIMATED POTENTIAL =159728,3TJ 
 
 
 
Fig.2 The main categories of solid biomass and the generating activities of these in rural 
Transylvania 
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Possibilities of energy recovery from solid biomass in Transylvania. 
            Analyzing the main categories of biomass available in rural Transylvania, their 
potential and economic opportunities, namely the concrete conditions of each rural 
community, have identified three main opportunities to exploit their energy: 
  a. Obtaining thermal energy; 
  b. Obtaining electricity; 
  c. Collection thermo-electrical energy. 
 
Physico-chemical and energy characteristics of waste 
These features are dependent on both the physical properties of residues and analyzed 
their chemical composition. 
A brief summary of the main chemical characteristics and energy waste, without 
claiming completeness, is made in Tab. 3. With strict reference to the data presented, indicate 
the following: upper index (cm) for elementary composition refers to the condition of their 
fuel, Vmc  is the percentage of volatile matter content and total material and i
tW  is its moisture. 
Similarly, Aanh is ash, the sample reported basis, and St is the total sulphur content, while i
s
H ,  
respectiv i
iH  are upper and lower calorific value of waste analysis. 
Tab. 2 
Elemental composition and energy characteristics of waste 
 
Name Cmc 
[%] 
Hmc 
[%] 
Omc 
[%] 
Nmc 
[%] 
Scmc 
[%] 
Vmc 
[%] 
Wti 
[%] 
Aanh 
[%] 
 
St 
[%] 
Hsi 
[MJ/kg] 
Hii 
[MJ/kg] 
Straw 50 6,2 43,1 0,6 0,1 - 10 5 0,09 20,030 15,932 
Hardwood 50,5 6,1 42,8 0,6 - 85 40 1 - 20,026 9,258 
Softwood 51 6,15 42,25 0,6 - 85 40 1 - 20,456 9,5 
Tanning 
scrap 
51,7 6 41,3 0,9 0,1 - 60 5 0,04, 20,235 7,171 
Shells, 
sunflower 
seeds 
51,5 5,9 41,9 0,5 0,2 - 15 3 0,17 20,44 15,765 
Linen 
residues  
51 6,1 41,9 0,9 0,1 - 11 3 0,09 20,444 16,434 
Rice husks 50,3 6,1 42,8 0,7 0,1 - 10 20 0,09 20,026 13,139 
Old and 
mixed wood 
41 6,2 43,1 0,6 0,1 - 10 6 0,09 20,030 15,932 
Source: European Commission - European Environment Agency 
 
Conversion technologies 
Conversion is a set of operations and / or physical, chemical, biological or otherwise, 
aimed at converting waste from processing in one form of energy, in other words, the 
conversion process, becomes a form of energy to another, one form of energy exchange in 
another, they are changing some over others. Note that there are cases where waste can be 
used as such, or rather they require certain operations from which they acquire certain 
properties, shapes or sizes making them suitable for use. The last category is mentioned 
processing operations, and its products can be standardized shapes and sizes, such as pellets 
or briquettes. 
An overview, in tabular form, the most common methods of conversion is given in 
Tab. 3. 
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Obviously, the most effective conversion is the direct combustion. This is followed by 
anaerobic digestion method, relevant ways that range thermal conversion by gasification or 
pyrolysis. 
 
Tab. 3 
Efficiency of biomass conversion methods (Ionel I., 2007) 
 
Method Efficiency, [%] 
Anaerobic digestion (biogas) 50 – 60 
Fermentation / distillation (ethanol, methanol) 20 – 30 
Thermal conversion (gasification, pyrolysis - heat) 30 – 60 
Direct combustion 60 – 80 
 
Moreover, direct combustion is the most frequently used and not only in the 
Transylvania, times national plan, but a large percentage of the population from developing 
countries. It is also the first energy form of human awarded with the discovery of fire, find of 
great importance due to its use to prepare food and heating. 
 
CONCLUSIONS 
 
Generally speaking, the Transylvanian area is rich in renewable resources from waste. 
Furthermore, Romania has a significant potential for biomass recovery which would 
contribute significantly to rural development. Thus, by implementing sustainable systems of 
heat and electricity supply would achieve an important goal, while creating the preconditions 
for achieving three main objectives: 
 Ensuring a sustainable economic growth, particularly rural areas, coupled with 
higher standards of living; 
 Limiting a country's vulnerability to imported primary energy resources; 

 National environment protection and conservation, along with climate change. 
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